The chaotic time series analysis is used to estimate the predictability of the Indian summer monsoon intraseasonal oscillations (ISOs). An index of the ISO is constructed using the daily gridded high-resolution (0.25
Introduction
The timely and correct prediction of the Indian summer monsoon intraseasonal oscillations (ISOs) is of utmost importance for the Indian subcontinent region. It affects billions of people living in the region by having a direct impact on the agricultural productivity and economy of the region. The ISOs with a typical timescale of 20-100 (±10) days are described as aperiodic oscillations between active spells and break spells. The active spells characterize abundant rainfall, whereas break spells characterize very little and insuffcient rainfall. The prediction of the ISOs and their active and break spells has been a subject of extensive studies (LO and HENDON, 2000; MO, 2001; JONES et al., 2004; GOSWAMI and XAVIER, 2003; XAVIER and GOSWAMI, 2007; WEBSTER and HOYOS, 2004; DWIVEDI et al., 2006; DWIVEDI and MITTAL, 2007; DWIVEDI and PANDEY, 2011; FU et al., 2007) . The determination of the limit of predictability is important for the predictions to become more useful. The limit of dynamical predictability for the tropical ISO using an atmospheric general circulation model has been estimated by WALISER et al. (2003) . By constructing a measure of potential predictability they found that the limit of predictability for their model's ISO (30-90 day bandpassed tropical rainfall) extends out to about 15 days with stronger ISO events having a greater predictability limit by a few days. The objective of the present study is to quantify the limit of predictability of the * Corresponding author: Suneet Dwivedi, Department of Atmospheric and Ocean Sciences, University of Allahabad, Allahabad, UP 211002, India, e-mail: suneetdwivedi@gmail.com monsoon ISO using the nonlinear dynamical methods. The systems, which have sensitive dependence on initial conditions, are called chaotic systems. The Earth's atmosphere is an example of a chaotic system; irreducible errors in and incompleteness of observations of the initial conditions as well as the imperfection of the models prohibit accurate forecasts of the day-to-day sequence of weather beyond a few days (SHUKLA, 1998) . The atmosphere and ocean are mathematically modeled as nonlinear dynamical systems, and even an inf nitesimally small uncertainty in the initial conditions will grow exponentially to make the predictions lose practical value after a f nite amount of time.
The ideas from the theory of chaotic dynamical systems provide a good tool to investigate and quantify the intrinsic complexity and predictability of atmosphereocean systems. Deterministic chaos provides a useful model for variability of weather and climate since it not only gives rise to aperiodicity in space and time but also displays sensitivity to initial conditions (LORENZ, 1984; NICOLIS, 1990; ELSNER and TSONIS, 1993) . The dynamics of initial uncertainty and predictability in chaotic systems has been investigated in detail by SMITH et al. (1999) .
There have been several studies to extract the inherent nonlinearity from the single variable time series representative of complex weather and climate processes using chaotic time series analysis (NICOLIS and NICO-LIS, 1984; FRAEDRICH 1986 FRAEDRICH , 1987 ESSEX et al. 1987; TSONIS and ELSNER 1988, 1989; ZENG and PIELKE, 
